I SP I Castillo F, Freund B, Hulla R, et al. Dual-Task Predictors in Graduate Healthcare
e de— Students with Athletic Backgrounds. //SPT. 2025;20(8):1243-1255.
SPORTS PENICAT THERAPY doi:10.26603/001¢.142435

Original Research
Dual-Task Predictors in Graduate Healthcare Students with Athletic
Backgrounds

Fernando Castillo, PT, DPT, PhD', Brittani Freund, PT, DPT, ATC/L, PhD, SCS', Ryan Hulla, PhD? Janis Henricksen, PT,
DPT, ScD, COMT, CEEAA', Neeraj Kumar, PT, DPT, PhD, NCS', Chad Schmeeckle, PT, DPT, SCS', Shannon Estes, PT,
DPT, NCS', Priya Karakkattil, PT, PhD, CBIS®

1 Physical Therapy, University of St. Augustine for Health Sciences, 2 Center for Research Design and Analysis, Texas Woman's University, 3 Physical
Therapy, Texas Woman's University

Keywords: concussion education, dual-task, graduate students, athletic history
h ://doi.org/10.2 /001c.1424

International Journal of Sports Physical Therapy
Vol. 20, Issue 8, 2025

Background

Graduate healthcare students may have athletic backgrounds with history of concussion.
Since these students spend much time multi-tasking while guarding, transferring, and
treating patients in clinical settings, understanding the potential impact of external
factors on dual-task abilities may help better equip them for success.

Purpose

The purpose of this study was to explore the relationship between concussion history,
concussion education, and athletic history on academic performance and different
single- and dual-task assessments among graduate healthcare students.

Study Design

A cross-sectional, repeated measures study.

Methods

A convenience sample of 33 graduate healthcare students, between the ages of 21-31
years old, were recruited from a health sciences institution. Inclusion criteria included
enrollment at the institution and being between the ages of 18 and 35 years old.
Exclusion criteria included a concussion within the past 30 days, current post-concussion
symptoms, an upper and/or lower extremity injury, and/or pregnancy. Investigators
collected subjective sport, concussion, and academic history before data collection. Then,
participants were randomly assigned to perform single- and dual-task cognitive and
walking activities. Parameters of gait and cognitive activity scores were measured to
calculate dual-task cost (DTC). Next, principle component analyses were conducted to
incorporate all measured variables into a single model for linear regression. Linear
regressions were used to model the relationships between sport and concussion history
and each component.

Results

Data were collected for 32 participants (aged 25 * 2.46 years). A lack of concussion
history was a significant predictor for experiencing greater DTC for performing a
memory/recall task while walking backward. Additionally, lacking formal concussion
education was a significant predictor for a higher DTC associated with the visuospatial
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task while walking backward. Finally, a longer history of athletic play predicted a lower

undergraduate GPA.

Conclusions

Lacking concussion history and education as well as having a longer athletic history
significantly predicted aspects of DTC and academic achievement in graduate healthcare
students. These data may influence future decision-making criteria and processes when
supporting and guiding students with athletic backgrounds through healthcare education
programs involving psychomotor activities. Further studies with a larger sample and
control for plausible confounding variables may provide additional insight.

Level of Evidence
2b

INTRODUCTION

Sport-related concussions (SRC) are classified by the Cen-
ters for Disease Control and Prevention (CDC) as mild trau-
matic brain injuries (mTBI).! According to the CDC, there
is a one in five lifetime risk of SRC among adolescent ath-
letes.! A recent questionnaire from an allied health science
institution indicated that the majority of Doctor of Physical
Therapy (DPT) students (82 out of 88) had a history of play-
ing sports as adolescents (Appendix A). Doctor of Physical
Therapy students, most of which may have been exposed
to SRC, are expected to perform a variety of psychomotor
tasks,2 such as patient guarding and transferring, poten-
tially inhibited by SRC.3# Prior to clinical work, students
must successfully complete rigorous coursework. According
to the Federation of State Boards of Physical Therapy, the
percentage of passing National Physical Therapy Exam
(NPTE) scores has decreased from 91% in 2020 to 86% in
2024.5 Although there are many factors that could impact
academic performance in these students with athletic his-
tory, it is unclear if previous head injury is a significant
contributor. Biochemical processes appearing as precursors
to cognitive decline may develop inconspicuously following
mTBI, such as SRC,! and persist chronically after resolution
of symptomology.® Persistent physiological dysfunction af-
ter previous SRC could negatively impact processing speed,
knowledge acquisition, and general attention capabilities in
DPT students. Consequently, investigating plausible corre-
lations between history of SRC and parameters of gait as
well as cognitive function may help guide facilitation of
graduate students’ success in doctoral programs. Over the
past decade, many researchers have investigated sideline
assessment methodologies, normative values, and return to
play (RTP) and return to learn (RTL) protocols among ado-
lescent and collegiate athletes with SRC®7; however, grad-
uate healthcare students with potential history of concus-
sion remain a relatively understudied population.
Dual-task cost (DTC), or the difference in performance
outcomes between single- and dual-task activities,® is a
well documented component of concussion management.
Dual-task cost has garnered increased attention because
most sport and day-to-day activities involve some degree
of multitasking with cognitive and motor tasks.? In 2022,
members of the International Conference on Concussion
in Sport promoted a revised Sport Concussion Assessment

Tool-6 (SCAT6), which includes novel dual-task paradigms,
for use during sideline evaluation following SRC.10:11 Inclu-
sion of DTC paradigms in sideline assessment has improved
tracking of non-subjective symptoms, such as gait deficits,
that may not have been adequately assessed in the past.12
Adolescent athletes with SRC demonstrate varying com-
pensatory mechanisms during dual-task activities, leading
to inconsistent comparison with normalized reference val-
ues.13 Similarly, assessments using electronic walkway sys-
tems have demonstrated that greater deficits (i.e., de-
creased velocity or increased base of support) exist under
dual-task conditions.>1213 These findings have con-
tributed to the continued refinement of RTP strategies,
which have been widely accepted nationwide.l0 However,
given that most athletes experiencing SRC are also stu-
dents, there is a continued need for more objective RTL
programs.*

Research concerning student athletes’ ability to return
to classroom learning following concussion is limited. Re-
search has focused mainly on adolescent and collegiate stu-
dent athletes, despite the growing rates of concussion
among non-pediatric, non-athlete populations.!415 Most
RTL methodologies have historically been rooted in rec-
ommendations based on independent opinions of school
districts and healthcare teams.!> There has been inconsis-
tent inclusion of pedagogical input!® and an overall lack
of agreement regarding consistent guidelines for returning
student athletes with SRC to the classroom.* Importantly,
the length of time an individual with concussion should
dedicate toward a RTL program has not been fully estab-
lished.17 This may be partly due to the high variation in
number of days missed from school and severity of concus-
sion for different populations.1® Establishing consistency
between RTL protocols is also difficult. Disturbance to aca-
demic capability may remain evident despite resolution of
most musculoskeletal and vestibular dysfunctions within a
28 day timeframe.16:17 In this case, subjects are said to be
experiencing post-concussion syndrome (PCS), featuring a
wide variety of symptoms including psychological issues,
memory deficits, fine motor disturbances, migraines,
headache, and neck pain, among others, potentially lasting
months to even a year after initial injury.1819 Despite these
findings, literature exploring extended RTL concepts, in-
cluding PCS, for populations of older students with history
of SRC is virtually nonexistent. Therefore, it is possible that

International Journal of Sports Physical Therapy



Dual-Task Predictors in Graduate Healthcare Students with Athletic Backgrounds

potentially lingering effects of SRC on graduate healthcare
students’ academic potential may not be fully understood.
Finally, diagnosis of concussion itself is still being re-
fined with inclusion of objective and validated measures in
addition to subjective reporting. It is estimated that ap-
proximately 50% of the recorded 1.4 - 3.8 million concus-
sions in the United States may go unreported.20 This adds
to the difficulty in fully understanding potentially linger-
ing, transient effects of concussion after completing formal
RTP protocols.>7-20 Studies have reported that many stu-
dent athletes with SRC continue to play while symptomatic
without seeking medical attention and/or receiving appro-
priate education on reporting concussion.2! Such behaviors
may contribute to persistence of long-term deficits outlast-
ing resolution of more minor symptoms. These long-term
deficits, such as poor attention and processing speed, were
still found in a sample of 50-90-year-old participants with
a history of mTBI in the last 30-40 years.® Therefore, al-
though most post-concussion symptoms typically return to
baseline shortly after injury for younger athletes, there may
be a continued need to assess older students with a history
of SRC, especially those who may not have been adequately
educated on reporting or symptomology. Given these foun-
dational findings, the purpose of this study was to explore
the relationship between concussion history, concussion
education, and athletic history on academic performance
and different single- and dual-task assessments among
graduate healthcare students. The primary hypothesis was
that concussion history would have the highest predictabil-
ity of increased DTC and decreased academic performance.

METHODS

PARTICIPANTS

A convenience sample of 33 graduate healthcare students,
between the ages of 21-31 years old, without concussion
within the prior 30 days were recruited from a health sci-
ences institution. The Institutional Review Board at the
University of St. Augustine for Health Sciences approved
the study. All participants provided written informed con-
sent to participate in the study. Participants were included
in the study if they were currently enrolled in the University
of St. Augustine for Health Sciences College of Rehabilita-
tive Sciences and were between the ages of 18-35 years old.
Participants were excluded if they had a concussion in the
past 30 days, were currently experiencing post-concussion
symptoms, currently had an upper extremity injury, cur-
rently had a lower extremity injury, or were pregnant. Prior
to commencing with data collection, participants com-
pleted a consent form as well as a questionnaire regarding
demographic information and aspects of athletic history
(i.e., years spent playing sports and whether they played
a single or multiple sports) as well as concussion history
(i.e., number of concussions, time since last concussion,
and whether they’ve received proper concussion reporting
and rehabilitation education).

PROTOCOL

All data collection was performed in a single laboratory
room located in the participants’ campus. Participants pre-
sented to the research stations in groups of three according
to a sign-up sheet, scheduled around courses and investiga-
tor availability. After completing a consent and intake form,
dominant leg length was measured from the anterior iliac
spine to the medial malleolus. The leg length values were
used to calculate normalized parameters of gait, accounting
for variable morphology among participants. Then, each
participant was randomly assigned to begin assessment at
one of five stations, including three separate single-task
cognitive activities (i.e., a single-task memory/recall, sin-
gle-task visuospatial, and single-task Auditory Stroop Task
(AST) station), a single-task gait session, and a dual-task
cognitive and gait activity, each managed by a member of
the research team (see Appendix B for a diagram). Partici-
pants progressed to the next station according to a random-
ized sequence.

Each single-task cognitive activity featured three dif-
ferent variations. Participants were randomly assigned to
one of three variations for each of their single- and dual-
task sessions. The three memory/recall variations included
spelling words backwards, serial sevens, and reciting the
months of the calendar year backwards. The three AST
variations included identifying the pitch (i.e., high or low)
of different words spoken by different male or female re-
searchers. The three visuospatial task variations involved
using a standard touchscreen mobile phone to type lists of
animals, colors, or cities. Participants were instructed to
complete three trials for each of the cognitive task stations
using the same randomly assigned variation each time. The
single-task gait activities were constituted by three trials
of walking forward and three trials of walking backward
on an electronic walkway. For the dual-task cognitive and
gait station, students completed three trials of one mem-
ory/recall task variation, three trials of one AST variation,
and three trials of one visuospatial task variation combined
with forward and backward walking on an electronic walk-
way. Participants were allowed a practice trial before all
single- and dual-task combinations and performed a total
of 33 trials for the study.

ZENO™ WALKWAY GAIT ANALYSIS SYSTEM

The Zeno™ electronic walkway (© Zenometrics 2025, Peek-
skill, NY) using the Protokinetics Movement Analysis Soft-
ware (PKMAS) was used to calculate normalized gait ve-
locity (cm/s), step length (cm), stride length (cm), stride
width (cm), stance time (% of gait cycle), swing time (% of
gait cycle), gait pressure (DOP), cadence (steps/min), and
the enhanced gait variability index (eGVI). In accordance
with the protocol above, this walkway comprised two sta-
tions - a single-task walking forward and backward station
and a dual-task walking forward and backward paired with a
cognitive task station. Specifically, participants commenced
and ceased walking at marked thresholds placed two feet
from the start and end of the electronic walkway to account
for acceleration and deceleration, respectively. For dual-
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task assessment, the accompanying cognitive tasks began
once students commenced walking (either forward or back-
ward depending on random assignment of sessions) and
ceased when students crossed the deceleration threshold
beyond the end of the electronic walkway. The Zeno™ has
been utilized in research to quantify the temporal and spa-
tial parameters of gait in adolescents and adults aged 18-22
years.22 When the Zeno™ was compared to the force plate
gold standard, reliability was excellent for all center of
pressure measures in gait (ICC, , > .96).22 Strong validity
has been established between the force plates and PKMAS
at r > .75 for all outcome measurements.22 The walkway
also has established moderate concurrent validity with the
GAITRite® for spatial parameters of gait ACCu5 = .72 -
.92) and temporal gait parameters (ICC(275) = .45 - .85) dur-
ing self-selected-paced walking.23

MEMORY/RECALL TASKS

Participants completed the three trials of the following
memory/recall task variations during single- or dual-task
activities in a randomized manner: (1) serial subtraction by
increments of seven (serial sevens),10 (2) spelling a five-let-
ter word backward,24 and (3) reciting the months of the cal-
endar year backward.!0.11.14 A methodological critique of
dual-task assessments found serial sevens, reciting months
of the year in reverse, and spelling common five letter
words backwards to be the most commonly used cognitive
tasks.25 Specifically, serial sevens and reciting months of
the year in reverse are both incorporated into the validated
SCAT6.10 Spelling five letter words backwards is utilized in
the Mental Status Examination,24 a validated assessment of
cognitive function.

AUDITORY STROOP TASK

The AST assesses verbal working memory, processing
speed, and conflict-resolution function (i.e., distinguishing
between a spoken word and the pitch of the spoken word it-
self), which may be commonly impaired following concus-
sion.26:27 The assessment has been found to be a reliable
adjunct for differentiating between individuals with and
without concussion.2528 Specifically, the AST has demon-
strated high reliability (Cronbach’s a = 0.94, Intraclass Cor-
relation (ICC) = 0.94; 95% Confidence Interval, 0.83-0.98)
during dual-task gait assessment.2® Pre-recorded words
from three different voice variations were presented to par-
ticipants during single- and dual-task trials. Participants
were instructed to correctly identify whether the pitch of
spoken words, regardless of the words themselves, were
high or low. Each subsequent word was presented only after
the participant responded with “high” or “low.” Consistent
with recently published procedures,2? the spoken words, ei-
ther in a high or low pitch (448 Hz and 187 Hz, respec-
tively), were recorded using an external microphone at a
sampling rate of 44100 Hz. Variations of the Stroop Task
have been used during assessment of participants with his-
tory of concussion.25:26

VISUOSPATIAL TASKS

Handheld devices have been used to assess cognitive func-
tion of adolescents with history of concussion.!329:30
Specifically, the Brooks Spatial Memory Task has been com-
monly incorporated in single- and dual-task paradigms to
assess the visuospatial component of cognition that may
be impaired following concussion.3! It has been revealed
that individuals with a history of concussion, on average six
years prior to data collection, experienced significantly al-
tered parameters of gait compared to controls while walk-
ing and performing the Brooks Spatial Memory Task.3! Ad-
ditionally, adolescent athletes with acute SRC (symptoms
lasting less than 28 days) and chronic SRC (symptoms last-
ing more than 28 days) have experienced significantly de-
creased velocity, step length, and single-limb support time
compared to healthy reference values when walking while
completing a visuospatial task.!3 However, previous studies
have elected to use a tablet device to establish novelty.
In this present study, researchers incorporated a standard
smartphone devoid of grammar and spellcheck capabilities
to promote consistency with the type of device typically
used by the population of interest. Participants were tasked
with texting a consecutive list of items (i.e., animals, colors,
or cities) during single- and dual-task sessions.

DUAL-TASK COST CALCULATION

Scores for all cognitive tasks (memory/recall, auditory, and
visuospatial) were based on the percentage of correct at-
tempts during each of the three trials in the single- and
dual-task sessions. Then, the scores for all three trials were
averaged together. For example, if during the single-task
visuospatial session, a participant typed an average of nine
words across three trials and correctly spelled an average
of six, their score would be 66.67%. Dual-task cost between
single- and dual-task trials for each cognitive activity dur-
ing forward and backward gait was calculated as

3 T — D T .
(«( Single “g’zfgcl‘:f;ask ;:jreaSk SC"”) x 100). The same equation

was used to derive the DTC for each of the nine parameters
of gait captured by the Zeno™ Electronic Walkway. This
study collected 72 measurement variables which included
measures of gait, cognition, and academic achievement
(Appendix C).

STATISTICAL METHODS
PRINCIPAL COMPONENT ANALYSIS

To reduce the likelihood of Type I errors and to incorporate
all variables into a single model for linear regression, prin-
cipal component analyses were conducted on related vari-
ables. For example, the component score for velocity was
derived from a principal component analysis of six velocity
gait variables (velocity DTC during the three types of cog-
nitive tasks while walking forward and backward). This pro-
cedure was applied to all variables of interest, reducing
the total number of variables from 72 to 12 component
scores (see Appendix C). Component scores were estab-
lished based on the anticipated impact of a dual-task condi-
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Table 1. Sample demographics.

Variable N Received Concussion Education Did Not Receive Concussion Education
Sample (Male/Female) 32(12/20) 12(7/5) 20(5/15)
Age, years (M = SD) 25.00+2.46 25.08+2.81 24.95+2.31
Contact Sports (N (%)) 25 (78%) 11 (44%) 14 (56%)
Average Years in Sports 15.13+£5.10 17.83£3.49 13.5+4.365.30
Concussion History (N (%)) 11 (34%) 9 (82%) 2(18%)

tion (e.g., memory/recall task while walking forward) on the
DTC for each of the nine parameters of gait as well as acad-
emic achievement parameters (grade point averages (GPA)
and Graduate Record Examination (GRE) scores). Data dis-
tribution assumptions were met for 10 of the 12 component
variables, with the two gait pressure variables (mean and
ratio) not meeting appropriate skewness (-1 to 1) and kur-
tosis (-3 to 3) values.32 A log transformation was first ap-
plied to both pressure variables but was unable to bring the
values within the appropriate range. A Box-Cox transfor-
mation was subsequently performed on the pressure vari-
ables, successfully normalizing their distribution within ac-
ceptable skewness and kurtosis values.

LINEAR REGRESSIONS

In addition to looking at the data as component scores,
this study aimed to examine if concussion history, having
formal concussion education while an athlete, and cumu-
lative years of contact sport exposure could predict the
six individual dual task component scores (cognitive tasks
and gait parameters while walking forward and backward)
and/or the five individual academic achievement measures
(undergraduate science GPA, undergraduate program GPA,
overall undergraduate GPA, GRE score, and current gradu-
ate program GPA). Log transformations were performed on
memory/recall and auditory tests while walking backward
to normalize skewness and kurtosis values. Data distribu-
tion assumptions were met for the remaining variables.

RESULTS

Thirty-three students voluntarily participated in this study.
After the initial intake, one participant withdrew due to an
upper extremity injury unrelated to the study. Therefore,
subsequent data analysis was completed for 32 participants
(aged 25 + 2.46 years). Thirty four percent reported a his-
tory of concussion (n = 11). However, 62.5% of the par-
ticipants reported they never received education on con-
cussions nor concussion reporting (n = 20). Ninety-seven
percent of the participants had a history of playing sports (n
=31); 81% reported playing contact sports for an average of
9.16 years (n = 25); and 19% reported participating in non-
contact sports for an average of 14.83 years (n = 6). Only
one participant identified as a non-athlete. Table 1 reflects
sample demographic for the initial intake.

CONCUSSION HISTORY EFFECTS

To investigate whether concussion history could predict the
scores of the 12 parameters of gait and academic achieve-
ment measures, 12 linear regressions were performed. Con-
cussion history was a significant predictor of the DTC com-
ponent score (F(1, 30) = 4.53, p = 0.042, R2 = .13),
accounting for 13% of the variance (cognitive tasks while
walking forward and backward). The results indicated that
individuals with no concussion history were predicted to
experience increased DTC when performing dual tasks (B
= 0.75, p = 0.042). Concussion history did not significantly
predict any other variable component scores (p > 0.05)
(Table 2).

To further examine which specific DTC measures (mem-
ory/recall, auditory, and visuospatial tasks while walking
forward and backward) could be predicted by concussion
history, six linear regressions were conducted. The results
indicated that concussion history was a significant predic-
tor for the DTC of performing the memory/recall task while
walking backward (F(1,30) = 5.20, p = 0.030, R% = .15), ac-
counting for 15% of the variance. Individuals with no con-
cussion history were predicted to experience an increased
DTC when performing the memory/recall task while walk-
ing backward (B = 0.06, p = 0.030). No other DTC measures
were significantly predicted by concussion history (p > 0.05)
(Table 3).

CONCUSSION EDUCATION EFFECTS

Upon further review of descriptive statistics of each group,
results revealed 76% (n = 16) of the non-concussion history
group (n = 21) had never received education on concussion
nor education on how to report a concussion, whereas 82%
(n =9) of those with a history of concussion were educated
on concussion reporting. To investigate whether having a
history of concussion education could predict the scores
of the 12 spatiotemporal parameters of gait and academic
achievement measures, 12 linear regressions were per-
formed. Among these variables, concussion education was
a significant predictor of the DTC component score (F(1,30)
=4.48, p = 0.043, R2 = .13), accounting for 13% of the vari-
ance. The results indicated that individuals with no history
of concussion education were predicted to have increased
DTC when performing dual tasks (B =0.73, p = 0.043). Con-
cussion education did not significantly predict any other
variable component scores (Table 4).

To further examine which specific DTC measures could
be predicted by a history of concussion education, six linear
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Table 2. Concussion history predicting variables of interest components scores results.

Component Scores F R2 B2 SE p-value
Dual Task 4.53 .13 0.75 0.35 0.042*
Velocity 0.12 .00 -0.13 0.38 0.731

Step Length 0.30 .01 -0.20 0.38 0.591
Stride Length 0.30 .01 -0.21 0.38 0.598
Stride Width 0.25 01 -0.19 0.38 0.619
Stance Width 1.31 .04 0.42 0.37 0.261

Swing 1.82 .06 -0.50 0.37 0.187

Mean DOP 1.13 .04 -0.37 0.34 0.297

DOP Ratio 0.01 .00 -0.04 0.36 0.907
Cadence 0.00 .00 0.02 0.38 0.960

eGVI 0.01 .00 -0.04 0.38 0.916
Academic Achievement 0.00 .00 -0.02 0.39 0.956

Abbreviations: DOP, gait pressure; eGVI, average enhanced gait variability index. @ Concussion history was coded as 1 indicates concussion history; 2 indicates no concussion history.

A positive B value indicates no history of concussion is related to a higher score). *Denotes a component significantly predicted by a history of concussion.

Table 3. Concussion history predicting dual-task cost results.

Dual-Task Component Variables F R2 B SE p-value
Memory/Recall + WF 1.99 .06 -18.47 13.09 0.169
Auditory Stroop + WF 0.05 .00 -0.51 226 0.823
Visuospatial Task + WF 0.01 .00 -0.92 9.44 0.923
Memory/Recall + WB 5.20 .15 0.06 0.03 0.030*
Auditory Stroop + WB 2.89 .09 -0.05 0.03 0.100
Visuospatial Task +WB 1.45 .05 9.55 7.94 0.239

Abbreviations: WF, walking forward; WB, walking backward. *Denotes a dual-task cost component significantly predicted by a history of concussion.

Table 4. Concussion education predicting variables of interest components scores results.

Component Scores F R2 B2 SE p-value
Dual Task 4.48 13 0.73 0.35 0.043*
Velocity 0.13 .00 -0.13 0.37 0.720

Step Length 0.70 .02 -0.31 0.37 0.410
Stride Length 0.76 .03 -0.32 0.37 0.391
Stride Width 2.12 .07 0.52 0.36 0.155
Stance Width 0.52 .02 0.27 0.37 0.477

Swing 0.70 .02 -0.31 0.37 0412

Mean DOP 0.02 .00 -0.05 0.35 0.889

DOP Ratio 0.12 .00 0.12 0.35 0.733
Cadence 0.07 .00 0.10 0.37 0.790

eGVI 0.25 01 -0.18 0.37 0.623
Academic Achievement 1.43 .05 0.44 0.37 0.242

Abbreviations: DOP, gait pressure; eGVI, average enhanced gait variability index. @ Concussion education was coded as 1 indicates having education about concussions; 2 indicates

having no concussion education. A positive B value indicates no concussion education is related to a higher cost. *Denotes a component significantly predicted by having no concus-

sion education.

regressions were conducted. The results indicated that con-
cussion education was a significant predictor for the DTC
of performing the texting task while walking backward
(F(1,30) = 4.46 p = 0.043, R2 = .13), accounting for 13% of
the variance. Specifically, individuals with no concussion

education were predicted to experience increased DTC
when performing the texting task while walking backward
(B=15.71, p = 0.043). All other DTC measures were not sig-
nificantly predicted by a history of concussion education (p
> 0.05) (Table 5).
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Table 5. Concussion education predicting dual-task cost results.

Dual-Task Component Variables F R2 B SE p-value
Memory/Recall + WF 0.71 .02 -11.04 13.12 0.406
Auditory Stroop + WF 0.15 .01 -0.87 2.21 0.697
Visuospatial Task + WF 1.23 .04 10.27 9.07 0.266
Memory/Recall + WB 1.67 .05 -2.45 0.05 0.206
Auditory Stroop + WB 0.42 .01 -0.02 0.03 0.521
Visuospatial Task +WB 446 .13 15.71 7.44 0.043*
Abbreviations: WF, walking forward; WB, walking backward. *Denotes a dual-task cost component significantly predicted by having no concussion education.
Table 6. Years played contact sports predicting variables of interest component scores results.
Component Scores F R2 B? SE p-value
Dual Task 1.17 .05 -0.04 0.03 0.269
Velocity 0.61 .03 0.03 0.04 0.441
Step Length 1.33 .06 0.05 0.04 0.261
Stride Length 1.49 .06 0.05 0.04 0.234
Stride Width 3.40 .13 -0.64 0.04 0.078
Stance Width 0.40 .02 -0.03 0.04 0.535
Swing 0.32 01 0.23 0.04 0.578
Mean DOP 0.04 .00 0.01 0.03 0.838
DOP Ratio 0.01 .00 0.00 0.03 0.919
Cadence 0.05 .00 0.01 0.04 0.823
eGVI 0.03 .00 -0.01 0.04 0.867
Academic Achievement 5.05 .19 -0.08 0.34 0.035*

Abbreviations: DOP, gait pressure; eGVI, average enhanced gait variability index.? A negative B value indicates an inverse relationship. For example, more years of contact sports

played predicted a lower academic achievement score (B = -0.08). *Denotes a component significantly predicted by athletic history.

CUMULATIVE YEARS OF CONTACT SPORTS EXPOSURE
EFFECTS

To examine if the number of years playing contact sports
could predict the scores of the 12 gait and academic
achievement measures, 12 linear regressions were per-
formed. Among these variables, the number of years play-
ing contact sports was a significant predictor of the aca-
demic achievement component score (F(1, 22) = 5.05, p =
0.035, R? = .19), accounting for 19% of the variance. The
results indicated that individuals with more years of play-
ing contact sports were predicted to have lower academic
achievement (B = -0.08, p = 0.035). Years playing contact
sports did not significantly predict any other variable com-
ponent scores (p > 0.05) (Table 6).

To further examine which specific academic achieve-
ment measures could be predicted by years playing contact
sports, six linear regressions were conducted. The results
indicated that years playing contact sports was a significant
predictor for overall undergraduate GPA (F(1, 22) =9.22,p =
0.006, R2 = .29), accounting for 29% of the variance of a par-
ticipant’s overall undergraduate GPA. Specifically, individ-
uals with more years playing contact sports were predicted
to have lower overall undergraduate GPAs (B = -0.03, p =
0.006). All other academic achievement measures were not

significantly predicted by years playing contact sports (p >
0.05) (Table 7).

DISCUSSION

RELATIONSHIP BETWEEN CONCUSSION HISTORY AND
DUAL-TASK COST

Interestingly, results indicated that, among the limited
convenience sample, participants without a history of con-
cussion were predicted to also have greater DTC when per-
forming a recall task while walking backward. However, de-
scriptive statistics revealed that most participants lacked
formal concussion education. Therefore, given that re-
ported data was subjective in nature, it is possible that par-
ticipants’ true concussion history is inaccurate due to recall
bias. Further, nine participants in the present study indi-
cated they may have experienced more concussions than
they reported in the past. A systematic review found that
high-school and collegiate athletes may not report poten-
tial SRC due to underestimating injury severity, being un-
aware of the occurrence, and/or not wanting to be removed
from athletic play.2! While this study did not include as-
pects of reporting behaviors, it may be plausible that par-
ticipants without a documented concussion history harbor
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Table 7. Years played contact sports predicting academic achievement component scores.

Academic Achievement Component Variables F R2 B SE p-value
Undergraduate Science GPA 0.95 .04 -0.01 0.01 0.340
Undergraduate Program GPA 1.82 .07 -0.01 0.01 0.191

Overall Undergraduate GPA 9.22 .29 -0.03 0.01 0.006*

GRE Score 0.03 .00 -0.05 0.28 0.873

Current Graduate Program GPA 0.00 .00 0.00 0.01 0.984

Abbreviations: GPA, grade point average; GRE, graduate record examination. *Denotes an academic achievement component significantly predicted by athletic history.

unrecognized or unreported past concussions, possibly in-
fluenced by inadequate education.

RELATIONSHIP BETWEEN CONCUSSION EDUCATION
AND DUAL-TASK COST

Moreover, having no concussion education significantly
predicted an increased DTC when walking backward and
specifically performing a visuospatial task (i.e., texting)
compared to counterparts with prior education. Other re-
searchers found that among 20 young adults aged 18-30
years without concussion, a significant DTC was experi-
enced when participants subtracted backward (serial 6s and
serial 7s; F (4,75) = 4.21, p < 0.001), spelled one-to-two syl-
lable and five letter words backward (F (4,76) = 7.68, p <
0.001), and performed the Visual Stroop task (F (4,76) =
8.46, p < 0.001) while simultaneously performing various
gait tasks.33 Therefore, it is possible that participants in
this study may have experienced increased DTC simply due
to the nature of the dual-task activities themselves. In con-
trast, a separate study found that older adults with PCS ex-
perienced a significantly slower forward gait speed com-
pared to otherwise healthy counterparts when performing
the Visual Stroop task.2’” Additionally, it has been found
that adolescent athletes with chronic SRC (>28 days) in-
consistently experienced increased DTC for parameters of
gait when performing a visuospatial activity similar to this
study’s texting task.13 Adolescent football players with his-
tory of repeated sub-concussive head injuries have also
demonstrated chronic impairments in oculomotor testing
failing to return to pre-season baseline.34 Given that oculo-
motor dysfunction has been one of the most observed neu-
rological deficits following repeated head injuries,3° partic-
ipants with unreported, unknown, and/or unrehabilitated
SRC could continue demonstrating visuospatial deficits
critical for clinical competency. Important to note, all the
grammar and spell-check features were disabled on the mo-
bile device used by participants in the present study. Such
alterations to features typically used with today’s smart-
phones may have contributed to increased spelling errors,
irrespective of single- or dual-task paradigms, concussion
history, and/or proper concussion education. It’s possible
that committing errors on the visuospatial texting task was
mainly a factor of participants performing the task in an
unforeseen/atypical way. Supporting this, research shows
that students using automated corrective feedback over a
14-week period demonstrated fewer spelling errors than
peers without such tools.3¢ These findings suggest that the

acute removal of assistive technology may negatively im-
pact spelling performance. It is not surprising that adding
backward gait, which is not typical in everyday student life,
may have further contributed to low performance on this
specific task.

RELATIONSHIP BETWEEN ATHLETIC HISTORY AND
ACADEMIC ACHIEVEMENT

Finally, among this small sample of DPT students, more
years spent playing sports significantly predicted having a
lower undergraduate GPA. The most recent studies explor-
ing the effects of sport participation on academic achieve-
ment disagree with results from this study. A 2021 system-
atic review suggests that sport participation and academic
performance are positively associated among adoles-
cents.3” A recent longitudinal study tracking participants
from middle childhood to undergraduate enrollment also
found that continued sport participation was positively as-
sociated with academic achievement.38 Among those par-
ticipants, attention and working memory, higher standard-
ized test scores, and higher university enrollment rates
were associated with longer athletic history.38 Sport par-
ticipation is also associated with achieving higher grades
among university-aged students.3? Therefore, it is entirely
possible that unmitigated confounding variables could have
influenced the relationship between athletic history and
academic achievement reported in this study. Plausible fac-
tors such as rigorous undergraduate major(s), work-life bal-
ance, mental health, demanding schedules, and/or addi-
tional extracurricular commitments may have added to
overall undergraduate GPA irrespective of athletic history.

LIMITATIONS

Participants constituted a convenience sample of already-
enrolled graduate healthcare students without utility of a
formal power analysis, limiting generalizability. For all lin-
ear regressions where statistical significance was not
achieved (p > 0.05), the corresponding effect sizes were
small or just at the threshold of medium in magnitude
(R2 £ 0.13).40 A post hoc power analysis was conducted in
G*Power?! to evaluate whether the study was adequately
powered at the conventional level of 1-f = .80 for simple
linear regressions. The results indicated that the sample
was underpowered to detect a small effect (1-f = .12) or
even a borderline medium effect size (1-f = .58), suggesting
that limited statistical power due to sample size was a
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methodological limitation of the study. A follow-up study
would benefit from an a priori analysis to mitigate this
limitation moving forward. Additionally, intake data was
mostly subjective, as many participants relied only on
memory for responses. Therefore, the true nature of con-
cussion history or severity among the study’s subjects is not
entirely clear. Furthermore, other confounding variables,
such as potential mental health conditions (e.g., Adult At-
tention-Deficit/Hyperactivity Disorder), were not con-
trolled for. Participants were tasked with performing a total
of 33 trials, often with moderate waiting periods as other
participants cycled through stations, which may have si-
multaneously introduced fatigue as well as a learning ef-
fect. Although all 33 trials were inherently different regard-
ing modalities and the tasks themselves, participants may
have become more comfortable and efficient with testing
protocols over time.

CONCLUSIONS

Graduate healthcare students receive education and train-
ing regarding safe management of patients; however, data
does not exist exploring potential effects of concussion his-
tory on their academic success and clinical capabilities. Re-
sults from this study offer a potential adjunct to further
improving how graduate healthcare students with athletic

history are progressed in their programs. Interestingly,
having no concussion history was a significant predictor for
experiencing greater DTC when walking backward. How-
ever, it was found that most participants lacked proper
concussion education, which also significantly predicted
increased DTC (texting while walking backward). Finally,
without controlling for plausible confounding variables,
participants with longer athletic history were predicted to
have achieved a lower undergraduate GPA, but not GRE
score or current GPA.
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